The epidemiology of foodborne diseases is rapidly changing. Recently described pathogens, such as Escherichia coli O157:H7 and the epidemic strain of Salmonella serotype Typhimurium Definitive Type 104 (which is resistant to at least five antimicrobial drugs), have become important public health problems. Wellrecognized pathogens, such as Salmonella serotype Enteritidis, have increased in prevalence or become associated with new vehicles. Emergence in foodborne diseases is driven by the same forces as emergence in other infectious diseases: changes in demographic characteristics, human behavior, industry, and technology; the shift toward a global economy; microbial adaptation; and the breakdown in the public health infrastructure. Addressing emerging foodborne diseases will require more sensitive and rapid surveillance, enhanced methods of laboratory identification and subtyping, and effective prevention and control. 
Perspectives

Selected Foodborne Pathogens of Public Health Importance Salmonella Serotype Enteritidis
Nontyphoidal salmonellosis is one of the most commonly reported infections in the United States. The doubling of salmonellosis incidence in the last two decades has accompanied modern food industries' centralized production and largescale distribution. The most prevalent serotypes, Salmonella serotype Enteritidis (SE), Salmonella Typhimurium, and Salmonella Heidelberg, account for most human salmonellosis in the United States.
Some serotypes of Salmonella, such as S. Enteritidis, have specific animal reservoirs and are primarily transmitted by specific foods (10) . Reflecting a worldwide trend, in the United States, the proportion of Salmonella isolates that were SE increased from 6% in 1980 to 25% in 1995 ( Figure 1 ) (CDC, unpub. data). Between 1985 and 1991 in the United States, grade A shell eggs were implicated in 82% of SE outbreaks with known vehicles (10).
SE's ability to cause ovarian infections in egg-laying hens, thus contaminating the contents of intact shell eggs, has been important in the transmission of SE among humans and hens (11) . 
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SE can be transmitted vertically from breeding flocks to egg-laying hens, which in turn produce contaminated eggs (10, 11) . Once the organism is present in a flock, the infection is difficult to eliminate because transmission is sustained by environmental sources including rodents and manure.
Campylobacter jejuni
Campylobacter jejuni, an emerging foodborne pathogen not recognized as a cause of human illness until the late 1970s, is now considered the leading cause of foodborne bacterial infection (12) . An estimated four million C. jejuni infections occur each year in the United States; most sporadic infections are associated with improper preparation or consumption of mishandled poultry products (12) . Incidence of campylobacteriosis is particularly high among young men. The high incidence of disease in this group may reflect poor food preparation skills (12) . Most C. jejuni outbreaks, which are far less common than sporadic illnesses, are associated with consumption of raw milk or unchlorinated water (12) .
The Guillain-Barré syndrome, an acute paralytic illness that may leave chronic deficits, may follow Campylobacter infections (8) . In a multicenter study of 118 patients with GuillainBarré syndrome in the United States, 36% had serologic evidence of C. jejuni infection in the weeks before neurologic symptoms developed (8) .
E. coli O157:H7
E. coli O157:H7 was first recognized as a human pathogen in 1982 when two outbreaks in the United States were associated with consumption of undercooked hamburgers from a fast-food restaurant chain (13) . The pathogen has since emerged as a major cause of bloody and nonbloody diarrhea, causing as many as 20,000 cases and 250 deaths per year in the United States (2, 5) . Outbreaks have been reported in Canada, Japan, Africa, the United Kingdom, and elsewhere. In addition to causing bloody diarrhea, E. coli O157:H7 infection is the most common cause of the hemolytic uremic syndrome, the leading cause of acute kidney failure in children in the United States. The syndrome is associated with long-term complications; 3% to 5% of patients with hemolytic uremic syndrome die, and approximately 12% have sequelae including end-stage renal disease, hypertension, and neurologic injury (5) . Consumption of ground beef (13) , lettuce (14) , raw cider (15), raw milk, and untreated water have been implicated in outbreaks, and person-to-person transmission is well documented (5).
Vibrio vulnificus
In the late 1970s, Vibrio vulnificus was recognized to cause an usually severe syndrome of foodborne V. vulnificus infection called primary septicemia. V. vulnificus primary septicemia generally affects people with underlying disease, particularly liver disease. Patients become ill within 7 days after eating raw molluscan shellfish. Tracebacks implicate shellfish harvested from warm water areas. The symptoms may include shock and bullous skin lesions and may quickly progress to death. Most reported shellfishassociated V. vulnificus infections are fatal (16) .
Listeria monocytogenes
Since the early 1980s, foodborne transmission has been recognized as a major source of human listeriosis (3). Listeriosis can cause stillbirths, miscarriages, meningitis, or sepsis in immunocompromised hosts. Case-fatality rates as high as 40% have been reported during outbreaks (3). Outbreaks have been associated with ready-toeat foods, including cole slaw, milk probably contaminated after pasteurization, pâté, pork tongue in jelly, and soft cheese made with inadequately pasteurized milk (3). The U.S. Department of Agriculture and U.S. Food and Drug Administration established zero tolerance policies for L. monocytogenes in foods in 1989. From 1989 to 1993, the food industry launched efforts to reduce Listeria contamination in processed foods, and dietary recommendations were established and publicized for persons at increased risk for invasive listeriosis. During this 4-year interval, the incidence of listeriosis declined by 40% in nine surveillance areas across the United States (17) .
Factors Contributing to the Emergence of Foodborne Diseases Human Demographics
Because of demographic changes in industrialized nations, the proportion of the population with heightened susceptibility to severe foodborne infections has increased. In the United States, a growing segment of the population is immunocompromised as a consequence of infection with human immunodeficiency virus (HIV), advancing Perspectives age, or underlying chronic disease. Reported rates of salmonellosis, campylobacteriosis, and listeriosis were higher among HIV-infected persons than among those not infected with HIV (6) . Salmonella (and possibly Campylobacter) infections are more likely to be severe, recurrent, or persistent in this population (6) . Furthermore, extraintestinal disease caused by Salmonella and L. monocytogenes infection is more likely to be reported in HIV-infected persons than in the general population (6) .
During the 20th century, the median age of the U.S. population steadily increased (18) , a trend that is accelerating. (Figure 2 ). The elderly are at increased susceptibility to foodborne infections. In a series of seven SE outbreaks in nursing homes, for example, 10% of residents who became ill were hospitalized, and 7% died (19) . In the general population, SE hospitalizations and death rates are much lower (10) .
Advances in medical technology (e.g., organ transplantation and cancer therapy) have extended the life expectancy of persons with chronic diseases, thus increasing the proportion of the population with heightened susceptibility to severe foodborne illness. In the 1970s, for example, the 5-year survival rate for Hodgkin lymphoma was approximately 50%; by 1985, the 5-year survival rate approached 80%. The survival rate for all cancers combined also increased (20) .
Human Behavior
Changes in food consumption have brought to light unrecognized microbial foodborne hazards. Fresh fruit and vegetable consumption, for example, has increased nearly 50% from 1970 to 1994 (21) . Fresh produce is susceptible to contamination during growth, harvest, and distribution. The surface of plants and fruits may be contaminated by human or animal feces. Pathogens on the surface of produce (e.g., melons) can contaminate the inner surface during cutting and multiply if the fruit is held at room temperature (22) . In the United States from 1990 to 1997, increased consumption of fresh produce may have contributed to a series of foodborne outbreaks associated with foods such as sliced cantaloupe (22) , green onions (23), unpasteurized cider (15), fresh squeezed orange juice (24) , lettuce (14) , raspberries (25), alfalfa sprouts (26), sliced tomatoes (27) , and frozen strawberries (28) .
The percentage of spending on food eaten away from home has increased during recent decades (29) . Fast-food restaurants and salad bars were rare 50 years ago but are primary sites for food consumption in today's fast-paced society (29) . Outbreaks outside the home account for almost 80% of reported outbreaks in the United States in the 1990s (30) . This figure may reflect the fact that these outbreak settings are most likely to be recognized and, therefore, reported to health officials; however, such food venues may also contribute to foodborne disease. Through practices such as the pooling of eggs, holding of hazardous foods at temperatures that permit amplification of low-dose pathogens, incomplete cooking of foods such as hamburgers, and crosscontamination of cooked foods.
Behavioral changes leading to foodborne infections are further complicated by decreased opportunities for food safety instruction both in school and at home. Health educators in secondary schools emphasize prevention of other important health concerns (e.g., HIV infection, obesity) over consumer safety issues including food safety education (31) . In addition, because of two-income families and increased eating away from home, fewer opportunities may exist to pass food safety information from parent to child (29) .
Changes in Industry and Technology
The trend toward greater geographic distribution of products from large centralized food processors carries a risk for dispersed outbreaks. When mass-distributed food products are intermittently contaminated or contaminated at a low level, illnesses may appear sporadic rather than part of an outbreak (32) .
Industry consolidation and mass distribution of foods may lead to large outbreaks of foodborne disease. In 1985, an outbreak of salmonellosis Perspectives associated with contaminated milk from a large midwestern dairy was estimated to have resulted in approximately 250,000 illnesses (33) . A nationwide outbreak of Salmonella serotype Enteritidis of similar magnitude occurred in 1994 when ice cream premix was transported in tanker trucks that had not been thoroughly sanitized after transporting raw liquid egg (34) . The trend toward larger markets and consolidation of industry has exacerbated the SE problem in another way. Changes in egg production have adversely affected infection control in poultry flocks (35) . In 1945, a typical hen house contained 500 birds. By 1995, many houses contained 100,000 hens, and multiple houses were often linked by common machinery (35) , resulting in large flocks with common risk profiles. Large-scale distribution of shell eggs from infected flocks has caused outbreaks in which contaminated eggs were distributed in many states over a period of months (10) .
Changes in Travel and Commerce
International travel has increased dramatically during the 20th century. Five million international tourist arrivals were reported worldwide in 1950, and the number is expected to reach 937 million by 2010 (Figure 3; 36) . Travelers may become infected with foodborne pathogens uncommon in their nation of residence, thus complicating diagnosis and treatment when their symptoms begin after they return home. In 1992, for example, an outbreak of cholera caused 75 illnesses in international airline passengers; 10 persons were hospitalized, and one died (37) . Pathogens may also be carried home to infect nontravelers. (38) .
As the diversity of foods in the marketplace has increased, illnesses have been associated with internationally distributed foods. In 1992, an outbreak of epidemic cholera in Thai immigrants living in Maryland was caused by coconut milk imported from Thailand (39) . In 1996, 1,465 cases of infection with Cyclospora cayetanensis were reported by 20 states, the District of Columbia, and two Canadian provinces. The investigation implicated raspberries from Guatemala (25).
In the mid-1990s, half to one and one-half million immigrants were admitted to the United States each year. Some reports of foodborne illnesses involve transmission by foods consumed primarily by immigrant groups. Outbreaks of trichinosis have become relatively rare in the United States because cooking pork thoroughly has become a widespread cultural practice. An exception occurred in 1990, when Laotian immigrants in Iowa prepared and ate undercooked pork, a traditional food, in celebration of a wedding (40) . Other reports involve foods consumed by ethnic populations. Yersinia enterocolitica outbreaks are also rare, but several have occurred in innercity African-American communities and were associated with preparation and consumption of pork intestines (41) . The epidemiology of human brucellosis in California has shifted from an occupational disease of animal husbandry to a foodborne disease most frequently affecting Hispanics who often while abroad consume raw milk and cheeses made with raw milk (42) .
Microbial Adaptation Environmental Conditions
Natural selection is a key process in the emergence of pathogens (11) . Microbes adapt to have an advantage in unfavorable environments (e.g., heat and acidity) (43) . SE phage type (PT) 4 may have developed traits that enable it to rapidly replace closely related SE phage types in egg-laying poultry environments (43) . During the 1980s, for example, SE PT 4 became the predominant phage type in humans and poultry in Europe and caused a marked increase in human illnesses. SE PT 4 was rare in the United States before 1994 when SE PT 4 emerged in southern California, resulting in a fivefold increase in reported human SE infection (44) . In 1995, a similar increase in SE PT 4 infection was reported in Utah. 
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Antimicrobial Resistance
The therapeutic use of an antimicrobial agent, in human or animal populations, creates a selective pressure that favors survival of bacterial strains resistant to the agent. Antimicrobialresistant strains of Salmonella have become increasingly prominent (45) . In the United States, the percentage of antimicrobial resistant Salmonella infections increased from 17% of isolates in the late 1970s to 31% in the late 1980s (45) . Compared with patients with susceptible infections, patients with antimicrobial-resistant infections are more likely to require hospitalization and to be hospitalized for longer periods (45) .
During the 1990s, Salmonella serotype Typhimurium Definitive Type 104 (DT 104) emerged in the United Kingdom. By 1995, DT 104 was the second most common cause of human salmonellosis in England and Wales; more than 3,800 isolates were reported from humans in that year alone (46) . Ninety percent of all DT 104 isolates were resistant to ampicillin, chloramphenicol, streptomycin, sulphonamides, and tetracycline (R-type ACSSuT). Strains of S. Typhimurium DT 104 with resistance to trimethoprim and ciprofloxacin have also emerged in the United Kingdom. Surveillance for DT 104 infections in the United Kingdom indicated high hospitalization and mortality rates with this organism compared with infections caused by other Salmonella serotypes. In one study more than 10% of patients with multidrug-resistant DT 104 infection required hospitalization, and more than 3% died (46) . In the United Kingdom, illness has been associated with contact with farm animals and with consumption of foods, including beef, pork sausages, and chicken. The organism has been isolated primarily from cattle but also from poultry, sheep, and pigs (46) .
S. Typhimurium DT 104 is rapidly emerging in the United States. A study of S. Typhimurium isolates from the Pacific Northwest indicated that 43% of human isolates obtained in 1994 had R-type ACSSuT compared with 4% in 1989 (47) . Among cattle isolates of S. Typhimurium from the Pacific Northwest obtained before 1986, none had this R-type, compared with 13% of isolates obtained between 1986 and 1991, and 64% of isolates obtained between 1992 and 1995 (47) . When 25 isolates from either human or cattle sources in the Pacific Northwest with R-type ACSSuT were phage-typed, all were S. Typhimurium DT 104 (47) . The characteristic resistance pattern (R-type ACSSUT) was present in 32% of human S. Typhimurium isolates tested in 1996. The first confirmed outbreak of S. Typhimurium DT 104 in the United States occurred in Nebraska in 1996 (48) .
Another example of an antimicrobial-resistant foodborne pathogen is fluoroquinoloneresistant C. jejuni, which has increased in Europe since the early 1990s (49) . The emergence of human infections has been temporally associated with the approval of fluoroquinolones for veterinary use in Europe.
Economic Development and Land Use
In the United States, food animals generate over 1.6 billion tons of manure per year (50). On large-scale production facilities, manure disposal is a growing problem. Without disposal, manure may serve as a reservoir for Salmonella, C. jejuni, and other farm pathogens.
The shift from a cold season oyster harvest in the Gulf of Mexico to a year-round harvest (51) is a change in resource use associated with the emergence of V. vulnificus. V. vulnificus primary septicemia has a summer seasonality, and most tracebacks implicate raw oysters from the Gulf of Mexico (52) . Although the annual oyster harvest from the U.S. Gulf of Mexico has not changed since the 1930s, the percentage of oysters harvested during summer months increased from 8% of the annual harvest in 1970 to 30% in 1994 (51) . The disposal of feces in oyster beds by oyster harvesters with gastroenteritis has been implicated in shellfish-associated Norwalk-like virus outbreaks, including one in Louisiana in 1994 (53) .
Breakdown of the Public Health Infrastructure
Many public health agencies operate with extremely limited resources. The consequent breakdown in public health infrastructure increases the potential for underreporting of foodborne infections (54) . In the mid-1990s, for example, 12 states had no personnel dedicated to foodborne disease surveillance (54) , largely because of budget restrictions at the state and local levels. When the infrastructure for infectious diseases surveillance is compromised, recognition of outbreaks is jeopardized (9, 54) .
Prevention and Control
The prevention of foodborne disease depends on careful food production, handling of raw products, and preparation of finished foods.
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Hazards can be introduced at any point from farm to table. Technologies are available to prevent many foodborne illnesses. Just as the 20th century's revolution in food sanitation and hygiene (including refrigeration, chlorination of drinking water, pasteurization of milk, and shellfish monitoring) was a consequence of applied technologies, industrial engineering can hold the key to food safety in the 21st century. Among technologies that merit evaluation are chlorination of drinking water sources for food animals (55); sanitary slaughter and processing of meat (56) , poultry (56) , and seafood (57); irradiation (58) ; and other microbial reduction steps for raw agricultural commodities.
When monitoring and control technologies are systematically applied to food production to prevent foodborne illnesses, the program is said to use a Hazard Analysis Critical Control Point (HACCP) process (56, 57) . Such programs require food industries to identify points in food production where contamination may occur and target resources toward processes that may reduce or eliminate foodborne hazards. In the 1990s, programs were implemented by meat (56) , poultry (56) , and seafood (57) industries and federal regulatory agencies. In these programs, industry takes the lead for the control of foodborne hazards, and regulatory agencies maintain oversight.
Preparers of meals are the last critical control point before foods reach the table. Interventions to promote safe food preparation practices are needed (59) . Food preparers can reduce the risk of foodborne diseases with a few practical food-handling precautions. Thorough heating of potentially hazardous foods kills pathogens, and refrigeration prevents their multiplication. Cross-contamination of foods can be avoided by separating cooked and raw foods and preventing contamination of cooked foods by drippings from raw foods. Foodworkers should wash hands, cutting boards, and contaminated surfaces as warranted to prevent cross-contamination. Consumers can reduce the risk of foodborne infections by avoiding high-risk foods, such as runny eggs, hamburgers that are pink at the center, and raw shellfish.
Each link in the production, preparation, and delivery of food can be a hazard to health. While technologies designed to improve the safety of the food supply hold promise, changes in food processing, products, practices, and people will continue to facilitate the emergence of foodborne pathogens into the next century. Foodborne disease surveillance provides a basis for detecting disease and identifying points at which new strategies are needed to protect the food supply.
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